Measurement of radon-222 and radium-226 in well water of Kelantan by Sidi Ahmad, Nurul Ashikin
  
 



































A thesis submitted in fulfillment of the 
requirements for the award of the degree of 




Faculty of Science 


















Dedicated to God, my beloved parents, 
my dearest husband (Mohd Faizi bin Abu) and my lovely twin boys 






















Bismillah, in the name of ALLAH. 
 
 
Here, I would like to express my gratitude to my supervisor, Professor Dr. 
Noorddin bin Ibrahim for his patience in encouraging and guiding me throughout the 
project. This project could have never developed to the extent it has without his 
continued support and interest. My sincere appreciation extends to all technicians 
and my laboratory partners who have provided assistance all the time too. 
 
 
Special thanks are also dedicated to Dr. Zaharudin bin Ahmad from Malaysia 
Nuclear Agency (MINT), who had spent a lot of time in giving me a helping hand for 
obtaining the right procedures for equipments applications and guidance in the 
experimental works. Not forgotten, all staff in Radiochemistry & Environment 
Laboratory (RAS), Waste & Environmental Technology Division for providing me a 
lot of assistance at various occasions. 
 
 
I would like to take this opportunity to express my sincere appreciation to all 
especially to my lovely husband, Mohd Faizi bin Abu, my twin boys, my parents, 
family and friends for their tolerance, love and encouragement throughout all these 
years who had giving me the support all the time. Last but not least, my appreciation 
also goes to those who are involved directly and indirectly in helping me to complete 












The Environmental Protection Agency (EPA) of USA sets the Maximum 
Contamination Level (MCL) for 222Rn in drinking water to be 11.1000 Bq/l and for 
226Ra to be 0.1100 Bq/l. This study was conducted to determine the levels of 222Rn 
and 226Ra in private well water in the state of Kelantan. A total of 25 samples of well 
water were collected from various districts in the state. The levels of 222Rn and 226Ra 
dissolved in well water were measured using the liquid scintillation counting 
technique. 222Rn activity concentrations were found within the range of 0.0491 to 
4.3127 Bq/l for both unfiltered and filtered samples. Meanwhile, activity  
concentration of 226Ra measured is between 0.0278 to 1.9670 Bq/l for both unfiltered 
and filtered samples, exceeding the MCL value. The annual effective doses due to 
the intake of natural radionuclide from well water for three different age groups were 
estimated based on the amount of water consumed. The average annual effective 
dose of 226Ra calculated for babies in the range of 0.12 to 1.79 µSv/y. The average  
annual effective dose of 226Ra for children was in the range of 0.11 to 0.34 µSv/y 
while, for the adults, it was in the range of 0.11 to 0.33 µSv/y for 226Ra. The annual 
effective dose intake for the babies was found to be higher than other groups but 
within the limit recommended by World Health Organization (WHO). The doses for 



















Agensi Perlindungan Persekitaran atau Environmental Protection Agency 
(EPA) dari Amerika Syarikat menetapkan aras pencemaran maksimum atau 
Maximum Contamination Level (MCL) untuk 222Rn di dalam air minuman adalah 
11.1000 Bq/l dan untuk 226Ra adalah 0.1100 Bq/l. Kajian ini dijalankan untuk 
mengenalpasti aras 222Rn dan 226Ra dalam air perigi persendirian di negeri Kelantan. 
Sebanyak 25 sampel air perigi telah dikumpul dari pelbagai daerah di negeri tersebut. 
Aras 222Rn dan 226Ra  terlarut dalam air perigi diukur dengan menggunakan teknik 
pembilang sintilator. Kepekatan aktiviti bagi 222Rn adalah dalam julat 0.0491 
sehingga 4.3127 Bq/l untuk sampel tidak dituras dan dituras. Sementara itu,  aktiviti 
bagi 226Ra, kepekatan yang diukur adalah antara 0.0278 sehingga 1.9670 Bq/l untuk 
kedua-dua sampel yang tidak dituras dan dituras, iaitu melebihi nilai MCL. Dari 
sampel, boleh anggar dos tahunan yang berkesan untuk pengambilan radionuklid 
semulajadi dalam air perigi bagi tiga kumpulan umur yang berbeza telah dianggarkan 
berdasarkan jumlah air yang digunakan. Purata pengambilan dos tahunan berkesan 
bagi 226Ra yang dikira untuk bayi adalah dalam lingkungan 0.12 sehingga 1.79 
µSv/y. Bagi kanak-kanak pula, purata dos tahunan berkesan adalah dalam 
lingkungan 0.11 sehingga 0.34 µSv/y. Manakala purata pengambilan dos tahunan 
berkesan untuk orang dewasa dalam lingkungan 0.11 sehingga 0.33 µSv/y. 
Pengambilan dos tahunan berkesan untuk bayi didapati lebih tinggi daripada 
kumpulan lain tetapi masih berada dalam had seperti yang disyorkan oleh World 
Health Organization (WHO).  Dos untuk kedua-dua kumpulan yang lain adalah di 
bawah nilai yang disyorkan. 
 
